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One-component Getting Past the Membrane The mechanisms through which hydrocarbons enter a microbial cell are yet not fully understood but are likely a function of the hydrocarbon's size, polarity, and charge. Some hydrocarbons may enter the cell through pores and move through the inner membrane via passive/facilitated diffusion. Other hydrocarbons are actively transported. Before cellular uptake, some hydrocarbons are converted into intermediates by extracellular enzymes. Not all hydrocarbons are beneficial to hydrocarbon degraders. Membrane modification in response to hydrocarbons is one defense mechanism against toxic compounds, e.g., aromatic hydrocarbons. These cellular stressors change the membrane fluidity, which might cause cell death. However, microorganisms have developed strategies to counter changing membrane fluidity by length variation of fatty acids, adaptation of the saturation degree of fatty acids, the adjustment of cis/trans configurations of unsaturated fatty acids, and the alteration of phospholipid head groups (Ortega et al., 2017) . These changes keep the toxins at bay and help microorganism to survive in polluted environments.
Biosurfactant Production
A wide variety of microorganisms produce biosurfactants, amphiphilic compounds comprised of glycolipids, phospholipids, rhamnolipids, sophorolipids, mannosylerythritol lipids, surfactin, iturin, fengycin, lipopeptides, pumilacidin, trehalose lipids, and/or polymeric glycolipids (Perfumo et al., 2017) . These compounds are excellent emulsifiers and dispersants that accelerate dissolution of hydrocarbons. The resulting organic matrix also serves as a habitat within which the oil degraders can thrive. Biosurfactants are biodegradable and presumably harmless, and they are functional at pH, temperature, and salinity extremes, making them promising alternatives to synthetic chemical dispersants that might decrease rates of microbial oil biodegradation (Kleindienst et al., 2015) . These chemicals are of broad biotechnological interest not only because of their potential role in enhancing hydrocarbon degradation, but also because they have a large range of applications in chemistry, cosmetics, pharmaceutical, and agricultural industries.
Sensing
Microorganisms sensing hydrocarbons can respond to exposure by expression of genes involved in hydrocarbon degradation supporting utilization of hydrocarbons for growth and energy generation or upregulation of efflux pumps that provide defense mechanisms against toxic hydrocarbons. These sensing mechanisms involve one-or two-component systems and chemosensory-signaling pathways (Krell, 2017) . One-or two-component systems responding to hydrocarbons typically sense their effectors in the cytoplasm, while chemosensory-signaling pathways exhibit sensor domains in the periplasm. Chemosensory-signaling systems are similar to two-component systems but have multiple effectors that bind to chemoreceptors, forming complexes with a histidine kinase. A special characteristic of chemosensory-signaling systems is the ability to sense compound gradients, which is a necessary foundation for chemotaxis. Signaling systems thus greatly aid in hydrocarbon biodegradation.
Chemotaxis and Motility
Chemotaxis in combination with motility allows hydrocarbon degraders to move toward compounds of interest or escape from harmful compounds, helping to create an optimal environment for survival. Hydrocarbon-dependent chemoattraction and chemorepellation are therefore advantageous for microorganisms living in contaminated environments. Chemotaxis involves two signal transduction categories; one is independent from the metabolism of the stimulus (e.g., hydrocarbons), while the other is dependent on metabolism of the signaling molecule. The chemotaxis mechanism typically comprises cytoplasmic chemotaxis proteins that signal from membrane-bound methylaccepting chemotaxis proteins to the flagella motors (Parales and Ditty, 2017) . The flagellum itself is also regulated through a response regulator that controls the swimming behavior of the microorganism. Chemotaxis was likely important during the Deepwater Horizon (DWH) oil spill, since motility and chemotaxis genes were highly expressed by aliphatic-hydrocarbon degraders affiliating with Oceanospirillales (Mason et al., 2012) .
Quorum Sensing
Quorum sensing is a function of microorganisms for intercellular communication, which is typically used when microbial group activities are beneficial. During quorum sensing, fatty acids, their derivates, or acyl-homoserine lactones are recognized by quorum-sensing regulators (one-component systems), controlling the expression of certain genes (Krell, 2017) . Quorum sensing regulates the formation of biofilms that might enhance bioremediation of hydrocarbons. In contaminated areas, such as the Gulf of Mexico during the DWH oil spill, aggregates of hydrocarbon degraders formed that grew and developed into marine oil snow (MOS), capturing oil droplets in a bacterial matrix (Ziervogel et al., 2012) . Sedimentation of oil components entrapped in MOS influences the fate of oil in the environment (Passow, 2016) . ACKNOWLEDGMENTS S.B.J. is supported by the Gulf of Mexico Research Initiative's "Ecosystem Impacts of Oil and Gas to the Gulf" research consortium. S.K. is supported by an Emmy-Noether fellowship (grant # 326028733) from the German Research Foundation (Deutsche Forschungsgemeinschaft, DFG). TDPM is supported by a Fulbright Columbia Fellowship. This is ECOGIG contribution number 512. We thank Kai Ziervogel and Uta Passow for providing photographs of marine oil snow.
